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Description 
METHOD OF PIPING DEFECT DETECTION 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of piping defect 
detection, and more particularly, to a fast and sensitive 
method of piping defect detection. 

[0003] 2. Description of the Prior Art 

[0004] | n the semiconductor fabricating process, after electric 
devices, such as MOS transistors, are formed in a sub- 
strate, a dielectric layer, which is a so-called inter layer 
dielectric layer, is typically formed thereon for isolating 
and protecting the electric devices beneath. Normally, a 
plurality of contact holes are disposed in the inter layer 
dielectric layer for filling a conductive layer which is used 
to form a contact plug in each of the contact holes. Thus, 
the electric devices can electrically connect with other ex- 
ternal electric devices, such as a conductive wire, through 
the contact plugs. Hence, data signals can be transferred 



to the electric devices, such as a source or drain of a tran- 
sistor, through the conductive wire and the contact plug 
to control the operation of each electric device. 

[0005] a DRAM wafer is illustrated in the following to describe a 
fabricating method of the contact plug in the prior art. 
Please refer to Fig.l and Fig. 2, which are schematic dia- 
grams of a method of forming an electric connection 
through contact plugs. As shown in Fig.l, a wafer 10 
comprises a substrate 12, and transistors 14, 16, 18, and 
20 disposed on the surface of the substrate 12. The tran- 
sistor 14 uses the same silicon layer as its gate with the 
transistor 18 and the same doped region as its source 
with the transistor 16. In the same manner, the transistor 
20 shares a polysilicon layer with the transistor 16 and a 
source with transistor 18. As shown in Fig. 2, a dielectric 
layer 22, such as a borophospho-tetra-ehtyl-ortho sili- 
cate (BPTEOS) layer, is deposited on the wafer 10. Then a 
photo-etching process is used to form a plurality of con- 
tact holes in the dielectric layer 22. After that, a conduc- 
tive layer (not shown), such as a polysilicon layer, is de- 
posited on the dielectric layer 22 to fill the contact holes 
for forming contact plugs 26, 28, 30, 32, 34, and 36. 

[0006] As the process size shrinks and the integration of device 



increases, when the dielectric layer 22 is deposited, a plu- 
rality of voids 24 with piping shapes are easily formed 
among gates due to the low filling ability of the dielectric 
layer 22. Thus, some contact holes connect with each 
other. Although a rapid heat treatment is often used to 
perform a reflow process for reducing the voids 24, the 
presence of voids 24 can not be prevented in most cases. 
Therefore, in the following process of contact plug forma- 
tion, some contact plugs will connect with or short each 
other, such as the contact plugs 34 and 36 shown in 
Fig. 2, that cause the transistors 14, 16, 18, and 20 to not 
operate properly. It is a so-called piping defect. 
[0007] For clarity, the wafer 10 is illustrated as a detected sample 
to describe the conventional method of piping defect de- 
tection. Please refer to Fig. 3, which is a schematic diagram 
of the method of piping defect detection in the prior art. 
The piping defects often appear in a distance under the 
surface of the dielectric layer 22. Thus, a proper pretreat- 
ment is required for the sample before performing the 
defect inspection. As shown in Fig. 3, in the conventional 
method of piping defect detection, after sampling 50, a 
chemical mechanic polish (CMP) process 60 is performed 
to remove layers on the dielectric layer, such as a polysili- 



con layer for forming the contact plug. Then, a wet etch- 
ing process 70 is used to remove parts of the dielectric 
layer 22. After that, a defect inspection 80 is performed 
with a scanning electron microscope (SEM). According to 
the result of the defect inspection 80, a failure bit map 
(FBM) can be made to analyze the root cause of piping de- 
fects in advance for reducing the generation of voids 24 
by adjusting the fabricating process parameters properly. 
[0008] However, the defect inspection 80, which is the last step 
of the piping defect detection in the prior art, must be 
manually inspected by engineers, which requires a lot of 
time and effort. For example, it normally takes more than 
12 hours to inspect a batch of 50 samples. When any 
problem appears in the deposition of the dielectric layer 
22, it will be detected or found in the wafer test per- 
formed two months latter. It is obvious that engineers 
have to spend more time in the process parameter tuning 
to find a proper process margin of the deposition process. 
In addition, since the piping defects are very small, nor- 
mally with a size below 0.1 um for a DRAM of 0.13 urn 
process, it is too hard for engineers to examine the wafer 
in a large scale inspection. Moreover, engineers often 
make careless mistakes while examining the wafer and do 



not notice the presence of the piping defects. This leads 
to serious problems in the following root cause analysis 
process. Thus, process parameters cannot be adjusted 
properly and efficiently and the reliability of the products 
is thereby deteriorated. 
[0009] Along with the promotion of the semiconductor fabricat- 
ing process and the scaling-up due to economic reasons, 
the diameter of semiconductor wafers is increasing from 8 
inches to 12 inches, and the line width is also shrinking 
from 0.18um to 0.13 um, and even to O.lum. During the 
time of great process updates, a high level of experience 
and testing is required to confirm the margins of each 
process parameter so that the reliability of products can 
be maintained during mass production. It is obvious that 
the conventional technology cannot meet the requirement. 
Conventional technology always requires a lot of time and 
cost, but the correct process margins of parameters are 
still not obtained. Thus, a fast and sensitive method of 
defect detection is required to solve aforementioned 

problems. 
Summary of Invention 

[0010] it j S therefore a primary objective of the claimed invention 
to provide a fast and sensitive method of piping defect 



detection to solve the aforementioned problems in the 
prior art. 

[0011] | n a preferred embodiment of the claimed invention, a 
sample is first proved. The sample comprises a silicon 
substrate, a plurality of electric devices disposed thereon, 
a dielectric layer covering the plurality of electric devices 
and the silicon substrate, and a polysilicon layer formed 
on the dielectric layer electrically connected to the electric 
devices through contact holes in the dielectric layer. A 
chemical mechanic polishing process is performed to re- 
move the polysilicon layer and parts of the dielectric layer 
of the sample. Then, a wet etching process is performed 
to remove parts of the dielectric layer. After that, the 
sample is inspected under an ultraviolet light irradiation 
for detecting the piping defects in the dielectric layer of 
the sample. 

[0012] it j S an advantage of the claimed invention that since the 
defects can be detected under the UV light irradiation ac- 
cording to the brightness contrast between the polysilicon 
layer and the silicon oxide layer after a CMP process and a 
wet etching process are used to pretreat the sample, a 
real-time automatic defect classification (ADC) tool can be 
applied to detect the online samples. Thus, the yield and 



reliability of products can be improved effectively. 

[0013] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] pig.l and Fig. 2 are schematic diagrams of a method of 
forming an electrical connection via contact holes. 

[0015] pig. 3 is a schematic diagram of a conventional method of 
piping defect detection. 

[0016] pig. 4 is a schematic diagram of a method of piping defect 

detection in the present invention. 
Detailed Description 

[0017] For clearly explaining the difference between a method of 
defect detection of the present invention and that of the 
prior art, the same inspecting sample, which is the wafer 
10, is used in the following description to describe the 
method of defect detection of the present invention. 
Please refer to Fig. 4, which is a schematic diagram of a 
method of defect detection according to a preferred em- 
bodiment of the present invention. As shown in Fig. 4, af- 



ter sampling 110, a chemical mechanic polishing process 
(CMP) 120 and a wet etching process 130 are used to pre- 
treat the wafer 10. It is noted that after an interface be- 
tween the conductive layer and the dielectric layer 22 is 
exposed in the CMP process 120, the CMP process 120 in 
the preferred embodiment of the present invention con- 
tinues an over etching to remove a certain thickness of 
the dielectric layer 22 until each contact plug does not 
overlap with the gates. Since the width of each void 24 is 
generally increasing from the top to the bottom of the 
void 24, the pretreatment can significantly increase the 
width of the opening of each void 24 in the dielectric layer 
22 so the followed inspection can be performed more 
easily. In the preferred embedment of the present inven- 
tion, the thickness of the over etching is about 300 to 
1000 angstroms and can be further adjusted according to 
the thickness of the dielectric layer. Then, a proper wet 
etching process 130 can be followed to remove the parts 
of the dielectric layer by a selective etching to reduce the 
thickness of the dielectric layer 22 for the next defect in- 
spection process. 
[0018] After that, an ultra-violent (UV) light inspection 140 is 

performed. In the UV light inspection 140, the wafer 10 is 



inspected in a proper amplifying scale under an UV light, 
such as a wide band UV light or a narrow band UV light. 
Since there is a great difference in material between the 
dielectric layer 22 and the polysilicon layer, which is used 
to form the contact plug, if there is any defect existing, an 
apparent brightness difference can be found in the in- 
spected image in the areas surrounding the defect. For 
example, the dielectric layer 22, which is composed of a 
BPTEOS layer, has a black image with a low brightness un- 
der the UV light irradiation, but the contact plug, which is 
composed of a polysilicon layer, has a white image with a 
high brightness. If there is any defect existing in the di- 
electric layer 22, the location of the defect becomes rela- 
tive transparent and has a higher brightness in compari- 
son with the image of surrounding regions. Thus, a shape, 
size, and position of the defect can be detected easily. It 
is noted that although a UV light is used for detecting 
piping defects in the preferred embodiment aforemen- 
tioned, the light source of the present invention is not 
limited to this. Some other types of light sources can be 
used to perform the piping defect detection if distinguish- 
able images of the dielectric layer 22 and the polysilicon 
layer can be formed, such as forming an opaque image for 



the polysilicon layer and a transparent image of the di- 
electric layer 22. 
[0019] After the shape, size, and location of defects in the wafer 
10 are detected, an automatic defect classification (ADC) 
tools can be used to perform an automatic defect classifi- 
cation 150 for the sample. By using a pre-built database, 
the piping defects and other defects can be separated au- 
tomatically. In addition, a manual SEM review 160 can be 
further performed by engineers to analyze the root cause 
of the defects. Since the approximate location of each de- 
fects are already known, the accuracy and efficiency of the 
SEM review 160 can be improved greatly. Therefore, pro- 
cess parameters, such as the velocity and the temperature 
of the depositing process, the temperature and the dura- 
tion of a rapid heating process, and a line width of the 
gate, can be adjusted correspondingly according to the 
result of the root cause analysis to reduce the presence of 
the defects and improve the yield and the reliability of 
products. 

[0020] | n contrast to the prior art, the present invention detects 
defects according to a brightness difference under a UV 
light irradiation instead of the manual inspection with the 
scanning electron microscope in the prior art. Thus, the 



efficiency and the accuracy of the defect detection can be 
greatly improved. In addition, a requirement of an online 
test can be met to adjust process parameters in a rela- 
tively short time for improving the throughput and the re- 
liability of products. 
[0021] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



